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Purposes The homeobox (Hox) genes a and d controlling limb and genital development 
influence the digit ratio and the fetal production of testicular androgen, which may re- 
sult in testicular descent in boys. To assess whether the digit ratio reflects disease sta- 
tus, we investigated the second and fourth finger lengths in children with cryptorchid- 
ism, in children with hydrocele as a disease control, and in healthy controls (boys and 
girls). 

Materials and Methods: One hundred ninety-six children (46 with cryptorchidism, 50 
with hydrocele, 50 healthy boys, and 50 healthy girls) who were 6 to 23 months of age 
were prospectively enrolled. Digit lengths were measured by 2 investigators, and the 
mean value was recorded. 

Results: The second-to-fourth digit ratios (2D:4Ds) of the left hand in the cryptorchid- 
ism group, hydrocele group, healthy boys, and healthy girls were 0.958, 0.956, 0.950, 
and 0.956, respectively. The 2D:4D values of the right hand were 0.946, 0.945, 0.952, 
and 0.969, respectively. The right and left 2D:4D ratios were not significantly different 
among groups. The 2D:4D of both hands was not related to age, weight, or height. 
Conclusions: According to these results, the 2D:4D was not significantly different in 
boys with cryptorchidism than in boys with hydrocele or in healthy controls (boys and 
girls) and failed to reflect disease conditions in the infant period. 
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INTRODUCTION 

The second-to-fourth digit ratio (2D:4D), especially on the 
right hand, differs between boys and girls. Manning et al. 
[1] suggested that the mean right 2D:4D is lower in boys 
than in girls and that the difference is negatively related 
to prenatal and adult testosterone levels. They observed no 
change in the 2D:4D with age (0-28 years) in a cross-sec- 
tional study and suggested that this ratio is determined in 
utero or in the first 2 years of life. Trivers et al. [2] proposed 
that the 2D:4D ratio increases with age and its difference 
between genders decreases with age. The difference was 
more marked in the left hand, whereas the ratio of the right 
hand was stable in school aged children (7-11 years). In ad- 
dition, a meta-analysis showed that the 2D:4D is not asso- 



ciated with adult sex hormone levels [3] . The longitudinal 
stability of the digit ratio suggests that the sexual di- 
morphism is fixed early in development [4,5] . 

Testicular descent is completed through an interplay 
among regression of mullerian structure by mullerian in- 
hibitory factor, abdominal pressure, a patent processus 
vaginalis, and gubernacular regression. Androgens pre- 
dominantly control the inguinoscrotal phase to descend 
from the inguinal ring into the scrotum. In this process, the 
development of the gubernaculum dilating inguinal ring 
and androgen-induced gubernacular regression are im- 
portant to testicular descent [6] . Prenatal exposure to an- 
drogens also has an important role in the development of 
cryptorchidism. 

The homeobox (Hox) genes a and d control limb and geni- 
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Characteristic 


Case 




Control 




p-value 


Cryptorchidism 


Hydrocele 


Healthy boys 


Healthy girls 


Age (mo) 


13.4±5.4 


15.2±6.5 


12.7±4.8 


13.5±5.1 


0.405 


Height (cm) 


74.2±10.4 


76.2±8.9 


77.5+7,7 


73.2±9.4 


0.416 


Weight (kg) 


9.7±2.5 


9.7±2.3 


10.1±2.1 


9.1±2.0 


0.387 


Finger length (mm) 










Right second 


34.1±3.8 


34.3±4.5 


34.2±3.7 


33.1±3.4 


0.752 


Right fourth 


36.0±4.6 


36.2±4.6 


35 7+4 1 


QA 1 +Q Q 


0.455 


Left second 


34.9±4.2 


35.1±3.4 


34.1±3.9 


33.1±4.1 


0.892 


Left fourth 


36.5±4.5 


36.5±4.8 


35.9±4.1 


34.5±3.5 


0.665 


Values are presented as mean±standard deviation. 








TABLE 2. Gender differences in the 2D:4D between cases and controls 










Case 




Control 




p-value 




Cryptorchidism 


Hydrocele 


Healthy boys 


Healthy girls 


Left 2D:4D 


0.958±0.058 


0.956±0.060 


0.950±0.038 


0.956±0.062 


0.890 


Right 2D:4D 


0.946±0.047 


0.945±0.056 


0.952±0.058 


0.969±0.054 


0.489 



Values are presented as mean±standard deviation. 
2D:4D, second-to-fourth digit ratio. 



tal development. These may influence the digit ratio and 
the fetal production of testicular androgen, which may re- 
sult in testicular descent in boys [4,5,7]. On the basis of this 
evidence and pathophysiology, we hypothesized that the 
digit ratio would differ in cryptorchidism and reflect the 
disease condition. Thus, we investigated and compared the 
digit length in children with cryptorchidism, in children 
with hydrocele as a disease control, and in healthy controls 
(boys and girls). 

MATERIALS AND METHODS 

We prospectively enrolled 196 children aged 6 to 23 
months. The subjects were divided into 4 groups (46 boys 
with cryptorchidism, 50 boys with hydrocele or indirect in- 
guinal hernia, 50 healthy boys, and 50 healthy girls). We 
recruited healthy controls from among children who vis- 
ited the pediatric ward of Eulji University Hospital for up- 
per respiratory infections or enteritis. The cryptorchidism 
and hydrocele groups included children who underwent an 
operation for their disease in the Urology Department. 
Children who had any endocrine or developmental dis- 
order or other urogenital disease were excluded. The pa- 
rents of each subject provided informed consent before par- 
ticipation in this trial, and the institutional review board 
of our center approved the study. 

We measured all children's height, weight, and finger 
lengths. The second and fourth digit lengths of both hands 
were measured from the ventral crease to the tip of the fin- 
ger by using digital Vernier calipers accurate to 0.01 mm. 
To minimize error, the measurements were performed by 



2 investigators for each child and the mean value was 
adopted. This measurement has been accepted in earlier 
studies as providing a high degree of repeatability [8] . 

All statistical analyses were performed by using R ver. 
3.0.2 (R Foundation for Statistical Computing, Vienna, 
Austria). The quantitative results are presented as 
mean±standard deviation (SD). Statistical analyses of the 
2D:4D were performed by using analysis of variance for the 
differences among 4 groups and Pearson linear correlation 
for the relationships among 2D:4D ratio, age, height, and 
weight. Statistical significance was assigned at p-values 
<0.05. 

RESULTS 

The mean±SD of age, height, and weight of the children and 
lengths of the second and fourth fingers are summarized 
in Table 1. Age, height, weight, and finger lengths did not 
differ significantly among groups. The cryptorchidism 
group consisted of 3 abdominal cases, 25 nonpalpable in- 
guinal cases, and 18 palpable inguinal or prepubic type 
cases. Bilateral cryptorchidism occurred in 6 cases. 

The left 2D:4D values in the cryptorchidism group, hy- 
drocele group, healthy boys, and healthy girls were 0.958, 
0.956, 0.950, and 0.956, respectively. The right 2D:4D val- 
ues were 0.946, 0.945, 0.952, and 0.969, respectively (Table 
2, Fig. 1). There were no significant differences among the 
groups in right or left 2D:4D (p=1.00 and 0.994 for cryp- 
torchidism-hydrocele, p=0.904 and 0.984 for cryptorchid- 
ism-healthy boys, p=0.142 and 1.00 for cryptorchid- 
ism-healthy girls, p=0.885 and 1.00 for hydrocele-healthy 
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FlG. 1. Median and standard errors for 2D:4D in the left (A) and the right (B) hands of the cryptorchidism group, hydrocele group, and 
healthy boys and girls. 2D:4D, second-to-fourth digit ratio. 



Table 3. Relationships among parameters in boys 





Right 2nd 
digit length 


Right 4th 
digit length 


Left 2nd 
digit length 


Left 4th 
digit length 


Left 2D:4D 


Right 2D:4D 


Age 


0.744 a 


0.704 a 


0.746 a 


0.707 a 


0.136 


0.141 


Weight 


0.394 a 


0.377 a 


0.371" 


0.322" 


0.170 


0.085 


Height 


0.437 a 


0.428 a 


0.434 a 


0.388 a 


0.170 


0.072 



":p<0.05. 



boys, p=0.156 and 0.994 for hydrocele-healthy girls, and 
p=0.441 and 0.984 for healthy boys-healthy girls, re- 
spectively). 

The lengths of the second and fourth fingers showed a sig- 
nificantly positive correlation with age, weight, and height, 
but the 2D:4D of either hand was not correlated with these 
variables (Table 3). 

DISCUSSION 

It has been reported that the difference in 2D:4D in children 
is related to variable medical conditions, such as endocrino- 
logic diseases related to androgen secretion or sensitivity, 
psychopathologic disorder, and physical and mental 
developments. The difference in the digit ratio and the fetal 
production of testicular androgen may be controlled by Hox 
genes a and d, which may influence testicular descent in 
boys [4,5,7] . However, there are few studies of the relation- 
ship between urologic disease and digit ratio in children. 

The principal objective of this study was to identify any 
difference in the digit ratio in children with cryptorchidism 
compared with a disease control group and a healthy con- 
trol groups. However, we did not find any statistical differ- 
ence in the 2D:4D of either hand between boys with cryp- 
torchidism and boys with hydrocele or healthy controls 
(boys and girls). Furthermore, we did not find a gender dif- 
ference between healthy boys and healthy girls. The lack 
of significant difference in the digit ratio between groups 



may indicate two possibilities: (1) differences in fetal ex- 
posure to androgens or the sensitivity of androgen receptor 
(AR) between groups may have been too small to result in 
a difference between the cryptorchidism and control 
groups, and (2) the infantile period is too early to recognize 
the difference in the digit ratio between the cryptorchidism 
and control groups. However, longitudinal and larger co- 
hort studies are required to confirm our results. 

It has been reported that the right 2D:4D differs between 
genders, with no evidence of a change with age (2-18 years) 
or in an ethnically diverse group of children (5-14 years) 
[1,9]. This evidence supports the hypothesis that the digit 
ratio is established in the prenatal period, is presented at 
least before 2 years of age, and is stable with growth in 
children. However, a longitudinal investigation of children 
aged 0-2 years showed that the right-hand 2D:4D was 
weakly correlated with prenatal/adult testosterone level, 
and the 2D:4D did not differ between genders at 12 or 24 
months of age and was not stable over time [10,11]. In other 
longitudinal series, the left 2D:4D positively increased 
with age in children aged 5-17 years and the ratios in both 
hands slightly increased with age in preschool children 
aged 2-5 years [1,5,12]. Our cross-sectional investigation 
of 400 Korean children (0-9 years) showed that the gender 
difference presented at age over 3 years and was not evident 
at age 0-3 years (not published). As for these results, the 
difference in 2D:4D between boys cryptorchidism and con- 
trols may unfold with increasing age, although the 2D:4D 
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in our series failed to show a difference according to disease 
condition in the infant period. 

Activation of AR by prenatal testosterone is known to 
contribute to the development of boys' internal and ex- 
ternal genitalia and reduces values of 2D:4D [12-14]. It has 
been well established that the sensitivity of AR to testoster- 
one is influenced by allelic variation according to the num- 
bers of CAG triplets, and the number of CAG repeats is neg- 
atively associated with the sensitivity to testosterone 
[15,16]. Manning et al. [17] demonstrated that men with 
a low number of CAG repeats in the AR gene had a lower 
value of the right 2D:4D than did men with high numbers 
of CAG triplets. 

Recent studies have shown an association between var- 
iation in AR CAG repeat length and cryptorchidism. A high 
number of CAG repeats has been associated with cryp- 
torchidism, especially bilateral cases, and the combination 
of CGA/GGC repeat length is strongly associated with cryp- 
torchidism [18-22]. Silva-Ramos et al. [20] reported that 
longer CAG repeats may be associated with slower tes- 
ticular descent and incomplete closure of the processus 
vaginalis. However, there was no significant difference in 
CAG repeat length in unilateral cryptorchidism and in the 
patent processus vaginalis compared with controls [20] . 
Sasagawa et al. [23] did not find an association between 
CAG repeat length and cryptorchidism and suggested that 
the expansion of CAG repeats is unlikely to be a major cause 
of cryptorchidism in the Japanese population. It is known 
that CAG repeat length is longer and the incidence of cryp- 
torchidism is higher in Asian populations than in 
Caucasians [24,25] . As well, the mean 2D:4D is higher in 
Asians (Oriental Han) than in Caucasians, Uygurs, and 
Afro-Caribbean Jamaicans [9] . Perhaps the ethnic varia- 
tion of CAG repeat length could explain the ethnic differ- 
ence in the digit ratio. Considering that our subjects were 
of the same ethnicity and 87% of the cryptorchidism was 
unilateral, the difference in the number of CAG repeats be- 
tween the cryptorchidism and control groups may have 
been weak, which might have resulted in the lack of sig- 
nificant difference in values of 2D:4D among groups in our 
study. 

This study had some limitations. This was a small sized 
study because we limited the disease group to children who 
underwent orchiopexy at the age of 0-2 years and selected 
control groups matched to the cryptorchidism group. For 
these reasons, statistical power was not strong (power= 
0.784 and 0.645 for left and right), rejecting completely that 
the 2D:4D ratio is different between boys with cryptorchid- 
ism and controls. Also, healthy boys and girls were re- 
cruited from the pediatric department among hospitalized 
children with upper respiratory infections or enteritis. 
Therefore, the controls do not represent a normal popula- 
tion. Another limitation is that we did not consider the in- 
fluence of pre- and postnatal sex steroid exposure and the 
difference of digit ratio according to bilaterality and se- 
verity of cryptorchidism. Despite these limitations, the 
current study is the first report comparing the digit ratio 



between boys with cryptorchidism and controls and sup- 
ports that the use of the digit ratio as a noninvasive retro- 
spective biomarker reflecting disease condition is 
controversial. 

CONCLUSIONS 

In the current study, we did not find any statistical differ- 
ence in the 2D:4D of either hand between the cryptorchid- 
ism group and the hydrocele group and healthy controls 
(boys and girls). We also did not find a gender difference 
between healthy boys and girls. The study suggests that 
the use of the digit ratio as a noninvasive retrospective bio- 
marker reflecting disease condition during the infantile pe- 
riod is controversial. However, longitudinal and larger 
comprehensive cohort studies are required to confirm our 
results. 
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